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Under support  of t h i s  g r a n t  a t h i r d  f l u x  monitering s t a t i o n  was se t  
up some 60km from t h e  main s t a t i o n .  The add i t ion  of t h i s  t h i r d  s t a t i o n  
t o  t h e  two a l ready  opera t ing  l e d  t o  confirmation of t h e  v e l o c i t y  of t h e  
i n t e r p l a n e t a r y  e l ec t ron  clouds respons ib le  f o r  t h e  second long L-pulses 
-- some hundreds of km. 1 sec. -- , has  l e d  t o  a study of t h e  d i r e c t i o n  
of  t h i s  motion, and w i l l  a l l o w  t h e  c a l c u l a t i o n  of t h e  shape of t h e  i r re-  
g u l a r i t i e s  i n  t h e  i n t e r p l a n e t a r y  medium. 

If t h e  i r r e g u l a r i t i e s  causing t h e  L-pulses a r e  e i t h e r  s p h e r i c a l  i n  
shape o r  a r b i t r a r y  shapes randomly o r i en ted  such t h a t  t h e i r  average 
e l e c t r o n  dens i ty  drops o f f  uniformly i n  a l l  d i r e c t i o n s ,  t h e  s p a c i a l  auto- 
c o r r e l a t i o n  of dens i ty  r e s u l t s  i n  c i r c u l a r  c o r r e l a t i o n  contours  i n  t h e  
p l ane  conta in ing  t h e  i r r e g u l a r i t i e s .  Phase v a r i a t i o n  i n  r a d i a t i o n  pass-  
i n g  through t h i s  medium r e s u l t s  i n  amplitude v a r i a t i o n s  i n  t h e  r a d i a t i o n  
rece ived  on ea'rth from J u p i t e r .  
t i o n  o f  t h e  L-pulses a t  separated r ece ive r s  t oge the r  with auto and c r o s s  
c o r r e l a t i o n s  of amplitude can be used t o  determine t h e  v e l o c i t y  of t h e  
motion of t h e  clouds.  If t h e  c o r r e l a t i o n  contours  t ake  a more gene ra l  
form then  a more complete reduction must be c a r r i e d  ou t .  The reduct ion  
w i l l  f irst determine t h e  average shape of t h e  i r r e g u l a r i t i e s .  

I n  t h e  case  ou t l ined ,  de lays  i n  recep- 

I n  order  t o  ob ta in  t h e  c o r r e l a t i o n  graphs it i s  necessary t o  d i g i -  
t i z e  t h e  analog records  a t  each of t h e  observing s t a t i o n s .  A s  can be 
imagined, t h i s  i s  a t ed ious  and laborious opera t ion .  Many of t h e  two 
s t a t i o n  records  with good s i g n a l  t o  no i se  r a t i o  have been d i g i t i z e d  and 
used t o  ob ta in  accura te  time l a g  data .  A few of t h e  e a r l y  t h r e e  sta- 
t i o n  records  have proven s u i t a b l e  f o r  complete a n a l y s i s  and such a n a l y s i s  
w a s  begun under t h e  c u r r e n t  g r a n t .  

A s  a b a s i s  f o r  first ana lys i s  w e  t r e a t  t h e  contours  of c o r r e l a t i o n  
a s  c i r c u l a r .  This,  a s  was explained, i s  equiva len t  t o  a medium of c i r -  
c u l a r  or rar?dmly o r i en ted  i r r e g d a r i t i e s .  We ohserve the mpli -hde  of  
r a d i a t i o n  received a t  each of  t h ree  s t a t i o n s .  A f t e r  d i g i t i z i n g  t h e  
records  by hand and eye t h e  7090-7094 of t h e  Yale Computer Center w a s  
used t o  c a l c u l a t e  au tocor re l a t ion  of amplitude i n  t i m e  f o r  each s t a t i o n  
and t o  c a l c u l a t e  c r o s s  c o r r e l a t i o n  between the  f l u x  amplitudes rece ived  
a t  t h e  observing s t a t i o n s  i n  t h e  usual  way. If t h e  medium i s  s t a b l e  
over t h e  observing per iod a v a r i a t i o n  of amplitude i n  t i m e  a t  one ob- 
se rv ing  s i t e  i s  equivalent  t o  a v a r i a t i o n  of amplitude i n  d i s t ance  
a long  t h e  l i n e  followed by t h e  d r i f t i n g  medium. 
t i o n  of  s t a b i l i t y  by comparing the  au tocor re l a t ions  der ived  from 
.observations a t  t h e  spaced s i t e s .  Minor v a r i a t i o n s  are reduced by 
t a k i n g  mean va lues  t o  form a mean au tocor re l a t ion  func t ion  which i s  
then  used i n  subsequent a n a l y s i s .  

We v e r i f y  t h e  assump- 

Consider t h e  geometry of  t h e  s i t u a t i o n .  We are observing t h e  
d r i f t  of an amplitude p a t t e r n  over t h e  ground. 
t i o n  i s  taken a s  t h e  o r i g i n ,  t h e  o ther  t o  de f ine  X1, and i f  t h e  amp- 
l i t u d e  p a t t e r n  d r i f t s  along a v e c t o r r w h i c h  r e f l e c t s  t h e  d r i f t  of 
t h e  medium, t h e  maximum c o r r e l a t i o n  between records  w i l l  occur when 
t h a t  po r t ion  of t h e  p a t t e r n  which is i n i t i a l l y  a t  t h e  o r i g i n  i s  a t  

If one observing sta- 
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p o i n t  X , Y1 a t  some l a t e r  t ime. We c a l l  t h i s  t i m e  l a g  A t .  This value 1 

y p z  
0 sa % 

i s  der ived  from t h e  c ros sco r re l a t ion  graphs.  
mated by eye from t h e  analog records.  If t h e  p a t t e r n  has  v e l o c i t y  v 
a long t h e  s t a t i o n  a x i s  then X, = vat .  From t h e  mean au tocor re l a t ion  

I t  can be crudely e s t i -  

graph w e  f i n d  the  time T which corresponds t o  t h e  maximum value  of  c ross -  
c o r r e l a t i o n  pmaX - (TI * 'auto 

- - 

A s  our c o r r e l a t i o n  p a t t e r n  i s  c i r c u l a r  a c u t  along t h e  r a x i s  given 
by t h e  au tocor re l a t ion  graph i s  equivalent  t o  a c u t  along any o t h e r  a x i s  
-- i n  p a r t i c u l a r  -- along Y thus  

Y1 = vT 

it i s  simple algebra t o  see 

TAN8 = T/At 

and as 90" 2 8 w e  have 181.  The data  from t h e  t h i r d  s t a t i o n  removes the ' 
ambiguity of s ign .  With t h e  va lue  8 known we can determine t h e  t r u e  
v e l o c i t y  i n  t h e  observing p lane  of  t h e  motion of t h e  c o r r e l a t i o n  p a t t e r n .  

Resu l t s  f o r  t h e  event of 23 October 1965  a r e  presented i n  d e t a i l .  

We no te  t h a t  f o r  each se t  of data  t h e r e  a r e  two poss ib l e  v e l o c i t y  
d i r e c t i o n s  due t o  t h e  ambiguity of s i g n .  The t h i r d  s t a t i o n  e l imina te s  
t h e  ambiguity and we see  t h a t  one of each of t hese  t h r e e  p a i r s  agree 
wel l .  It  w i l l  be noted t h a t  they i n d i c a t e  motion outward along the pro- 
j e c t i o n  o f  t h e  e c l i p t i c .  This i s  cons i s t en t  wi th  t r u e  motion i n  space 
r a d i a l l y  outward from t h e  sun. 
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1 TABLE 

Directions of the Velocity Vector in the Plane 
Perpendicular to the Line of Sight to Jupiter 

-23 October 65- 

I Bethany-Pomfret Bethany-Huntington Pomfret-Huntington 

os0 +Os25 1 At -os24 

0.77 'ma, 
T k0.25 S 

T/bt k1.0416 

e 2463 2 

0.58 

+os50 

+JJ 
290: 0 

0.54 

k0. 55 
S 

k2.2000 

+65: 6 

\ 



6 - .  

The consis tency of t h e  t h r e e  s t a t i o n  work is a check on our assum- 
p t i o n s .  The au tocor re l a t ion  funct ions were c l o s e l y  s i m i l a r .  This  i s  a 
check on t h e  time s t a b i l i t y  of the medium. The v e l o c i t i e s  obtained were 
i n  c l o s e  agreement. This i nd ica t e s  t h a t  even i n  t h e  c o r r e l a t i o n  contours  
a r e  e l l i p t i c a l  and not  s t r i c t l y  c i r c u l a r  t h e i r  motion is not  such a s  would 
g i v e  a misleading pro jec ted  ve loc i ty  between two s t a t i o n s .  

From t h i s  p o i n t  we w i l l  move on t o  a more gene ra l  examination of t h e  
t h r e e  s t a t i o n  records .  
work and i t s  c a s t i n g  i n  a form s u i t a b l e  f o r  computer work i s  under way. 
This  w i l l  al low c a l c u l a t i o n  of t h e  shape of  t h e  c o r r e l a t i o n  contours  and 
t h u s  of  t h e  mean shape of t h e  i r r e g u l a r i t i e s  i n  t h e  i n t e r p l a n e t a r y  medium. 
Records now i n  hand a r e  being d i g i t i z e d  f o r  t h i s  use .  Their  a n a l y s i s  w i l l  
g i v e  us d a t a  a t  var ious  va lues  of hour angle  and Jovian longi tude  thus  
al lowing a c a r e f u l  s tudy of the  i n t e r a c t i o n  of t h e  L-pulse phenomena‘with 
o t h e r  as t ronomical  parameters.  

An extension of t h e  theory der ived f o r  ionospher ic  


